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INFLUENCE OF LONGITUDINAL FORCES
FOR DETERMININGTHE FREQUENCY OF FREE
OSCILLATIONS DISCRETE DYNAMIC SYSTEMS

In the research flat and spatial rod system as a part of many engineering and technical
structures were considered. A new construction with a simultaneous increase quality of their
design requires finding new ways to improve dynamic analysis and calculation of complex
rod systems. It was analyzed, that longitudinal forces consideration when determining
discrete dynamical systems free oscillations frequency together with use of modern computer
hardware and software systems allows to reduce time for such calculations, and use the
innovative schemes and methods that were previously inaccessible through large amounts of
computing. The problem of road systems free oscillations frequencies with finite number of
freedom degrees in bending with considering of longitudinal forces was considered. The
examples of quantitative assessment influence of longitudinal forces on the frequencies of free
oscillations were shown.
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LlIxkypynii O.A., k.m.n., npoghecop
Mumpodgpanos ILb., k.m.n., doyenm
Ilonmascvkuii HayionanbHuti mexHiynuil yHigepcumem imeni FOpiss Konopamioxa

YPAXYBAHHS NO31OBXKHIX CIHJI
ITPU BUBHAYEHHI YACTOT BIJIBHUX KOJINBAHDb
JAUCKPETHUX TUHAMIYHUX CUCTEM

Posenanymo nnocki i npocmoposi cmepoicHesi cucmemu, wjo 6x00amb 00 CKAAOY
bazamvox iHocenepuux 1 mexuiunux cnopyo. CKOpoueHHsi CmpOKi8 pOo3poOKU HOBUX
KOHCMPYKYIl 3 00HOYACHUM NIOGUUWEHHAM AKOCMI iX NPOEKMY8AHHI NOMPEOYE 3HAXOONHCEHHS
HOBUX WLTAXIB 01151 YOOCKOHALEHHS OUHAMIYHO20 AHANI3Y Ul PO3PAXYHK) CKIAOHUX CINEPIHCHEBUX
cucmem. IIpoananizoeano, wo ypaxyeanus NO3008XHCHIX CUN NPU BUSHAUEHHI YACTOM BIIbHUX
KONUBAHb  OUCKDEMHUX OUHAMIYHUX CUCmEeM CYMICHO 3 BUKOPUCMAHHAM  CY4ACHOI
KOMN 10MepHOi MexXHIKU i NPOPAMHUX KOMNIEKCI8 00360JI€ 3MEHWUUMU YAC OJis NPOBEOEHHS
MAKUx po3paxyHKie, a mMaKoic 8UKOPUCIOBY8AMU NPUHYUNOBO HOBI CXeMUu ma mMemoou, sKi
Oynu HedocmynHi paHiuie yepes eluki oocaeu oouuciensv. Pozensinymo 3adavy oouucienHs
Ccnekmpa 4acmom GLIbHUX KOIUBAHb CMEPIHCHEe8UX CUCmeM 13 KIHYe8UM YUCIOM CMYNeHis
BINbHOCMI NPU 32UHAHHI 3 YPAXYBAHHAM NO03008xCHIX cul. Hasedeno npuxnaou xinvkicnoi
OYIHKU 8NIUBY NO300BICHIX CUL HA YACTNOMU BLNbHUX KOJUBAHD.

Knrouogi cnoga: 6invui konusauHs, no3006dCHA CUld, 4acmomad, OUHAMIYHA cucmema,
HABAHMAICEHHS.

36ipuuk HayKoBHX mpailb. Cepis: [any3eBe MammHoOyAyBaHHs, OyaiBHULTBO. — 1 (48)" 2017. 47




Introduction. The article contains results of theoretical research of longitudinal forces
quantitative assessment influence in the spectrum of dynamic rod systems free oscillations
frequencies with a finite number of freedom degrees in bending. The results of quantitative
assessment impact forces in the longitudinal frequency spectrum free oscillation in bending
shown as graphs depending on the free oscillations frequency of the longitudinal forces
values.

Analysis of quantitative assessment influence of longitudinal forces in the spectrum of
free oscillations frequencies in bending shows that longitudinal forces significantly alter the
frequency of free oscillations (compressive — reduce the frequency and stretching — increase
them). Longitudinal forces also took position on the frequency spectrum.

It is proved that the calculation of the free oscillations frequency spectrum must
consider the influence of longitudinal forces.

Review of recent sources of research and publications. It is known that the physical
properties of real structures exactly display discrete-continuous models, for which there is no
comprehensive approach that allows with desirable accuracy and minimal expenses perform
their full dynamic calculation [1, 2]. Additional difficulties arise when calculating spatial
branching structures, they are connected with the necessity of modeling compatible
oscillations, considering the density of the frequency spectrum and the influence of different
factors: the transverse and longitudinal loads, type of concentrated impurities, shear median
surface, deplanation and turn sections, damping, elastic links type and other boundary
conditions. Even with modern computing tools and technologies many dynamic problems
remain inaccessible for direct solution [3 — 5].

Parts of the common problems unsolved earlier. It is known that when calculating
linear deformed rod systems with a finite number of freedom degrees on small free
oscillations for calculating frequencies spectrum, frequency equation is solved [2 —7]. The
coefficients of this equation are expressed through relevant elements of matrix stiffness or
pliability system. Usually elements of these matrices are determined by undeformed system
scheme and depend on its mechanical properties. When calculating system by the deformed
scheme manifested mutual influence of certain types deformations; for example, when the rod
bent transverse load longitudinal forces causing an additional bending. This leads to the fact
that the stiffness will depend on the longitudinal forces, and accordingly, free oscillations
frequencies of such a dynamic system also depend on the longitudinal load.

Purpose of the work. To quantify the influence of longitudinal forces in the spectrum
of dynamic rod systems free oscillations frequencies with finite number of bending freedom
degrees.

Main material and results. Consider free oscillations of the cantilevered beam with a
point mass m at its end (Figure 1, a). (E = const; EA = const).

If the longitudinal force is zero, then the circular free oscillations frequency without
considering the resistance forces @ was calculated by the formula

1
w= , 1
s (D

where &8, = I’/3EI (Figure 1, b).
In the case where N#0, calculate displacement &), from F =1 (when N<0O —
compression, Figure 1, ¢) and displacement J/; (when N > 0 — stretching).
The corresponding differential equations of curved beam axis shall be:
— for N<O, EN ==Ny+d&, N+({—x); 2)
— for N>0, Ely"=Ny—6/|N+(l{—x). 3)
Denote k> = N/EI and write the general solution for (2 and 3) in the form:
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(+ NG, (l—x)

—for N <0, y=—( jcoskx+%sinkx+ +9,,; “)

{4+ NS/, 1 ({—x)
—for N > 0, y= (THJCth—mSth— N +5]I;. (&)

For determination of the necessary displacements J;; i Jf] it used use conditions: when
x={andN<0 y=06(;when x=/ and N>0 y=4/].
Then from the equations (4) and (5) it is obtained:

—when N<0 5o = v S(1gkl — kL) ©)
3EI  (kt)
3
3EI  (kt)
3
a) J . 0
B m. . N —
[ /4 L
1 i
b)
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c) TF=1
M = FL+ 6N
4@ — N [
N, W T
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i )

Figure 1 — Design scheme of the beam

Thus, when calculating free oscillations frequency considering longitudinal forces in the
formula (1) instead &, it needs to substitute values calculated by formulas (6) and (7).

The results of displacements calculation oy, 51’1 and also the frequencies ratio af/,
@'l @ are shown in figures 2 and 3.
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Figure 2 — Displacements &), and J/], calculated by the formula (6, 7) when PIGED =1
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Figure 3 — The dependence of frequencies ratios af/ wand of/@from kl

The dependence of frequency @f/@on the ratio N/N,, isillustrated in figure 4.

As can be seen from the graphics the influence of longitudinal compressing forces on
the frequency of free oscillations is less than 5% to the ratio N/N. = 0,1. With increasing
longitudinal forces, frequency reduced significantly.

For example, when N/N,, = 0,58, ¢f/@=0,65.

Consider the dynamic rod system with two degrees of freedom (figure 5).
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Figure 4 — The dependence of frequencies ratios ®° / @ on the ratio N/N,,
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Figure 5 — Design scheme of the dynamic system (m; = m; = m)

Differential equations of curved beam axis (figure 5) have the form:
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— for the area to the left of the force F when N<O (0<x</—c¢)

ElY"=—Ny—Fcx/ /! ; (8)
— for the area to the right of the force F when N<O (/—c<x</)
Ely"=—Ny—F({—c)(l-x)/!; 9)

After solving the system of equations (8) and (9) it is obtained the equation of the bent
axis which to the left of forces F (figur(e 5) has form [3]
F -sin(kc) . F-c
vE Nk-sin(ké)sm(kx) N (10)
on condition that k> =N/EI .
Equation (10) allows to calculate displacement in the points of the dynamic system
mass location from the F=1.
Considering that the dynamic system is symmetric, it is got:
when x =21/3, c=1/3, On= 1,
whenx =13, c=1/3, 8= ;.
Thus, the expressions for these movements will be:

F-sin(kt/3) . (2ke\ 2F¢ F-0(9-sin(kl/3)-sin(2kl /3)—2k( - sin(k?)
6,=0,= ) Siny - = . , (11)
Nk - sin(k?) 3 9N N 9kl - sin(k?)
5 =5, = F-szn(k€/3)sin(k€/3)_ F-t _F-t 9-sm(kz/s)-sm(@/3)—k£-sm(k£) Ca
Nk - sin(k?) 9N 9kl - sin(k?)
Ft_ Ft _ 1.0
N k?El  (k¢)EI
3 3
When k/=0, J,, =9, :i'g_, and 0,, = 9, =L€—
486 EI 486 EI

The results of calculating frequency spectrum @, i @, depending on k¢ and their ratio
w, / @, are shown on figures 6, 7 and 8 respectively.
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Figure 6 — The dependence of frequency @, from k! when a=-/m¢’ /(EI )

36ipuuk HayKoBHX mpailb. Cepis: [any3eBe MammHoOyAyBaHHs, OyaiBHULTBO. — 1 (48)" 2017. 51




w28
22.5

21.5 g

21 \*\
20.5
2 I,

N
19.5 \'T

19 ki
0 04 08 12 16 2 24 28 32

L 4
p

Figure 7 — The dependence of frequency @, from k¢ when a =-/m¢* /(EI )
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Figure 8 — The dependence of frequency ratio o, / @, from ks

The dependence of frequency @, on the ratio N/N,, is illustrated in figure 9.
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Figure 9 - The dependence of frequency @,a on the ratio N/N., when a=+m¢’ /( EI )
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As can be seen from the graphics, the influence of longitudinal compressing forces on
fundamental tone frequency is less than 5% to the ratio N/N.,=0.1. With increasing
longitudinal forces, frequency significantly reduced.

For example, when N/NC,:1-10'5 frequency @, =5,692/a, and when N/N.=0,58
frequency decreased to @, =3,675/a, which is 35,4%.

Conclusions. Analysis of longitudinal forces quantitative estimation influence on
frequency spectrum of dynamic rod systems free oscillations with finite number of freedom
degrees at bending are showed. Longitudinal forces considerably change the frequency of
free oscillations (see figures 3, 4, 6, 7 and 9). Compressive forces reduce the frequency of free
oscillations but stretching forces increase them. Longitudinal forces also are changing
frequencies position on the frequency spectrum of free oscillations (see figure 8).
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